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Intranasal exposure of athymlc (nu/nu) BALB/c 
ice to influenza virus leads to a persistent infec- 
>n of the respiratory tract from which the mice 
usually Within 3 to 4 wk with symptoms of 
meral cachexia. However, if these nude mice were 
Jected 1 day after infection, with approximately 
)• cells from Individual viru9-specific MHC class II- 
stricted Tb cell clones, they showed greatly re- 
iced mortality and the titers of infectious virus in 
tit lungs were reduced* often to undetectable lev- 
s. By coinfecttng mice with pairs or antigexdcally 
stinct viruses and subsequently determining the 
lent of clearance of each type of virus* it could he 
town first that the clearance mechanism was im 



of apleen ceils enriched for virus-specific effector Tc cells 
into mice shortly after pulmonary infection with tnflu* 
enza virus was found to result in a reduction In mortality 
and lung virus Uter compared to similarly infected normal 
mice, and the beneficial effect of the transferred cell 
preparations correlated with their Uter in Tc cell acUvity 
(3. 4). The 6ame was true when Tc cell clones were used 
for adoptive transfer instead of heterogeneous, and thus 
less precisely characterizable, spleen cell preparations 
(5-8). 2) With a notable exception (9), some studies have 
indicated that virus-neutralizing antibodies, although ef- 
fective in preventing an Infection when present at the 
time of exposure to virus (10-12), were not capable of 



t clearing the disease on their own when given (or actively 

unologically specific but did not display thetypi- produced) after establishment of the infection (4. 13). 3) 
d crossreaction of class l-restricted cytotoxic T B u 6UP prcs&edri4) or Th cell-suppressed mice (15. 16) 



c) In addition, neither primary nor memory 
; responses could be detected in these mice. Sec- 
id, Th cell clones promoted clearance solely of 
iose viruses that contained the specific Th cell 
stenninant, Le„ Th cell-nonreactive bystander vi- 
tses were not cleared. These findings were com- 
itible with virus clearance being effected either 
rectjy after recognition of infected class n-po$itive 
41s by the transferred Th cells or indirectly via 
*omouon of a glycoprotein-specirlc antibody re- 
ttx&e. The latter seems to be the case because 
ansferof Tb cells Into Infected T and B cell-defi- 
ent 6CJD mice did not result in virus clearance, 
though transfer of an anti-hemagglutinin anti- 
>dy cocktail did. Thus, a virus-speciflc Tc cell re- 
jonse is not a requirement for recovery from a 
ilmonaxy influenza virus infection. 

MHC class 1-restrlcted Tc* cells are thought to play an 
iportant role in the recovery from virus infections (1 . 
. In the case of influenza virus Infection, this notion 1s 
ised on several lines of evidence: 1) adoptive transfer 
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BccU suppressed (14) < 
recovered from infecUon despite a strongly reduced or 
undetectable anti-viral antibody response. Taken to- 
gether, moat previous studies appeared consistent with 
the idea that Tc 'cells were indeed required for clearance 
of a pulmonary influenza virus Infection In mice. Most 
recently, however, EicheTLberger et al. (17) reported that 
i82-microglobulin-negative mice, which are devoid of 
class I-restricted T cells, recovered normally from a pul- 
monary influenza virus infection- Thus, although the Tc 
cell response may make an important contribution to the 
recovery of normal virus-infected mice* it can apparently 
be substituted by other defense mechanisms |2). 

In the course of a previous study (18), In which we 
investigated the function of class H-restricted Th cells in 
promoting antlinfluenza virus B cell responses in vivo, 
we observed that adoptive transfer of individual Th cell 
clones into influenza virus-infected athymlc (nu/nu) 
BALB/c mice resulted in significant reduction, often to 
undetectable levels, of virus in the lung- We have further 
investigated tills phenomenon and show that class I- 
restricted Tc cells are not involved in the observed virus 
clearance and that antl-HA antibodies, on their own, can 
mediate clearance of influenza virus from the lung. . 

MATERIALS ANO METHODS 

Alice. Eu thymic female SALB/cbyJ were obtained from The Jack- 
son Laboratories. Bar Harbor. ME and aihymic (nu/nu) QALB/c mice . 
were obtained from Harlan 8pruftue*Dawley» Indtonapolls, IN. SCTO 
mice (19) were obtained /rum the breeding colony of the Wistar 
Institute 

Virus** and antibodies. The influenza viruses were grown in the 
allantoic cavity of lO-day-oM etnbryonated hen'a eggs, PR8 (A/PR/ 
8/34 (HI NX)) *nd the reawortant virua XSl (PR ax A/Alchi/08 
(H3N2)) (20) belong to Influenza type A: they differ from each other 
solely by liA and NA» which are of HI and M aiihiyncH In PR8. but 
of HS and n£ aubfypes in XSl. These viruses do not Grose-react ai 
the level of Wrua-ncutralUing and neuraminidase hibiting antl* 
bodies. b/Lee/40 belongs to f nftuenza type B end fa rnimunologlcftjfy 
noncross-reaciiv* with type A viruses. Moat of the mAb used h 
have been described pirviously. Ascitic fluids from hybrids 
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* i grown in the peritoneal cavity of retired BALB/C breeder mice were 
used in all cases and were used, within each group, as pools to avoid 
selection of viral escape mutants (21). The HI -subtype HA (PR8J- 
specific antibody cocktail contained mAb Y8-2C6 (lgM). Y8-3B3 
ifcs). H28-A2 flfiM), HZ^C7 (lgG2a). H37-87 (IgGl). and H37-66 
(2a), the H 3- subtype HA(X31)-specmc antibody cocktail contained 
H14-A20 (lgG2b) and H14-A21 (lid). The HA (R/Lec)^pecific anti- 
body cockUli contained 1.2C7, 1.5A4. UBS. and J.2F4.ailof lgG2a 
isotype. 

Tcell clones. The T cell clones were generated from the sptom or 
lymph nodes of PRS-primed Ga!,R/c mice and were maintained in 
vitro as described (22, 23). The cells recognise antigen in association 
with MllC class-P molecule*, are CD4*/CI>8\ and accrete D--2 upon 
stimulation. The Ag-specificity and class-U isotype restriction of 
these clones is as follows; T2.5-26 [matrix-protein (M), l-Aj (22). 
V1.2 (site 1 of HA, I»E*) (20). 3.1-7 ineurarmmdape (NA), I-BPJ (19), 
7. 1-5 (site 4 of HA . 1-E°j (23). and 7. 1 -S [nueleuprotein. l-E?\. T cells 
" used in adoptive transfer studies were harvested from maintenance 
cultures 10 to 20 days after Ag stimulation. BEfore transfer they 
were cenlrifuged onto a Flonll-Hypaque cushion (10 min at 900 x g 
at room temperature) to remove dead celts and debris. Cell viability 
- was determined by trypan blue exclusion, 

Vims Irtfcctlon. The 5- to 7-wk-oid mice were infected with a dose 
of aerosolized virus corresponding to 100 MTDw «« described (22). 
After 18 fa, the nude mice were rcconsUluleu by I. v. injection with 1 
to2x 10* Tri cells. 

Determtaafion of twig virus titers. Lungs were aseptically re- 
moved from animals at various intervals after infection, rinsed in 
sterile PBS. and stared at -20°C until assay. At the time of assay, 
individual lungs were disrupted with Dounce homogenixers in 2 ml 
fcc-cold FBS containing 0.1% BSA. The extracts were centrifuged 
for 10 min at 750 x g to pellet cell debris and the supernatants 
diluted serially 10-fold in Jsc-BSA. A total of 100 td of a freshly 
trypsiittzed suspension of MDCK cells (3 x lOVml Ibc-BSA) were 
added to wells of flat-bottomed 96-wcll microliter plates followed by 
addition of 50 *tl of Jung-extract diiuUons to four to six replicate 
wells. The cultures were incubated overnight at 37 °C in humidified 
alr/7* COa. A total of 50 $d of trypsin (2.5% trypsin) [Whlttaker 
fUoproducts. Inc. WalkersvlIJe. MD. freshly diluted 1/750 in ISC- 

BSAj was then added to each well and the cultures were further 
incubated as above. After 3 days of incubation, the culture super- 
natant* were tested for the presence of viral HA activity by mixing 
25 id of supernatant with 25 til of a 1 % suspension of chicken RBC. 
Lung virus titers are expressed as dilution of lung extract at which 
50% Of the MDCK cultures revealed virus growth (TCuOk). In some 
experiments, undiluted lung extracts were inoculated into the allan- 
toic cavity of 10-day-oltf embryonated hen's eggs. The eggs were 
incubated at 35^C tor 3 days and allantoic fluid was tested for 
presence of HA activity as above. 

To determine the liter of an individual virus strain in lungs of 
mice coinfected with two virus strains, a 1/10 dilution of the lung 
extract was prc-tneubated for ) h at 4*C with a 1/100 dilution of a 
mixture of mAb (ascites fluids) specific for the HA of the virus to be 
neutralized. The extract was then seriaUy 1/10 diluted in Isc-BSA 
and tested for residual infectious virus as above. 

isotarron o/ primary Tc electors. Trachea and attached lungs 
were lifted out of the thoracic cavity, rinsed briefly in PBS. and 
transferred into a petri dish. The lungs were lavaged with sterile 
FBS using a tuberculin syringe with 22-gauge needle inserted into 
the trachea. The cells released were collected and stored on ice. The 
lung tissue was minced with scissors and the fragments incubated 
for 30 min at 37*C in 2 ml 1scovc*b medium containing 2 mg/ml 
oouagenasc (isolated from Clostridium hystotyricum. Bochrlnger 
Mannheim, Indianapolis, IN). Cells released via both methods; were 
pooled, washed twice, and used as effectors in a cytotoxicfly assay. 
CeU recovery was in general 2 to 1 0 xl 0* lymphocytes/lung, To test 
for primary Tc effectors in the spleens of virus-infected mice the 
splpen was removed, a single cell suspension prepared, and the cells 
washed twice and used in the cytotoxicity assay. 

Secondary Tc cultures. Spleens were removed from mice $0 to 
60 days after virus infection. Sixty million respondcr splenocytes 
were cultured with 3 x 10° splenic stimulator cells (2200 rad) and 
infected with FR8 in 45 ml Iscove » medium supplemented with 
gentamidn and 5% FCS. After 6 days, the ceUs were washed, and 
viable ceUs counted and tested in the cytotoxicity assay. 

Cytotoxicity assay. Cytotoxicity was assayed by 91 Cr release as* 
say essentially as described by Bennink ct al. (24). hi brief, virua- 
infected or uninfected Fdl5 (H-2 - ). BW3147 (H-2 k ). and yac cells 
were labeled with ftl 6r. washed, resuspended at 10 9 ceUe/m! in 
Isoove'S + B% KCS, and distributed into round-bottomed microliter 
plates at 100*l/we". A total of 1 00 xt of effector c«Jl$ was added to 

five E:T ratios of 30: 1 . J 0: 1 , 3: i . and J :1 . After 6 h of Incubation st 
7*C In alr/7% CO?. 100 *d of supernatant were removed and the 
amount of u Cr released determined In a gamma counter (LKB In- 



struments, inc.. Rockville, MDJ. Results are presented as percentage 
specific release, which is. defined as (experimental release-sponta- 
neous rclcase)/(total relcaRe - spontaneous release) x lOO, Total 
release is the cpm obtained by lysis of target cells with \% SDS. 
Spontaneous release (from targets in absence of effectors} was al- 
ways less than 20% of the total release in these assays. 

Hi test Twenty-five v\ of scrum samples were aerially 1/2 diluted 
in round-bottomed polystyrene microliter plates and 25 id oi virus 
corresponding to four agglutinating doses in this assay were added 
to each well. After 1 h incubation at room temperature. 50 *d of 1% 
chicken RBC were added to each well, the plates briefly vortex cd. 
and the pattern of agglutination of the RBC recorded after 40 min. 
The hi test titer was expressed as reciprocal of the serum dilution 
at which three of the four agglutinating doses of virus were inhibited 
from agglutinating the RBC. The diluent used in these assays was 
res containing 0.04% NaN 3 . 



RESULTS 

PR8'lnfected nude mice show significant reduction 
in mortality and lung virus titer after adoptive transfer 
qf vlrus'Specific Th cell clones. Upon Intranasal infec- 
tion with a sublethal dose of influenza virus. Immuno- 
competent mice develop a temporary viral pneumonia 
that is resolved within 7 to 10 days with apparently 
complete clearance of infectious virus from the lungs 
(Fig. 1 A). In similarly infected nude mice, the pulmonary 
infection persists until the mice dJe of cachexia (Fig. IB); 
thus, nude mice arc incapable of generating effective 
defense mechanisms that can resolve the pulmonary 
infection. These observations confirm previous reports 
and clearly show that T cells are required fur recovery 
from pulmonary influenza virus infection (25, 26). 

To investigate the role played by Th cells in induction 
and expression of these antiviral defense mechanisms, 
individual PR8-speciflc Th cell clones were transferred 
i.v. into nude mice 1 day after infection and titers of 
infectious virus in lung extracts were determined at var- 
ious times thereafter in the MDCK infecttvity assay. Ag 
shown in Figure 1, C-F, transfer of individual Th cell 
clones specific for any one of the four major viral struc- 
tural proteins resulted in significant reduction of pul- 
monary virus titers compared to nonreconstltutcd nude 
mice (Fig. IB). However, in some of the reconstituted 
mice, Infectious virus appeared to persist in the lung at 
low levels, becoming delectable only after inoculation of 
undiluted lung extract into the allantoic cavity of cm- 
bryonated eggs. In this manner, residual infectious virus 
was revealed in five of eight lung extracts from reconsti* 
tuted mice that had scored negative in the MDCK assay, 
whereas no virus was isolated from four lung extracts of 
reconvalescenl euthymlc mice. The M-specific Th cell 
clone was must effective by promoting apparently com- 
plete virus clearance in roughly half of the recipients. 

The beneficial effects of the transferred Th cell clones 
was evidenced also by reduction of mortality. To accel- 
erate death in nonreconstituted nu/nu mice, the chal- 
lenge dose was increased for these experiments. As 
shown in Figure 2, infection with 1000 to 5000 MID S0 of 
PR8 resulted in 100% mortality by day 20 in nonrecon- 
stituted nude mice. In contrast, transfer of the HA- or M- 
specif ic Th cells prevented mortality in all mice, and most 
animals displayed no signs of illness as long as 3 mo 
postinfection. 

Specificity qf virus clearance. The Th clones Included 
in this study secrete IL-2, IL*3 ( and y-IFN, but not IL-4 
(26a) upon stimulation fn vitro and. therefore, belong to 
the type J subset (Thl) (27). Inasmuch as r IFN has 
inhibitory effects on virus replication (28) and also is a 
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Ftyurv PRS-infected nude mice 
show partial to complete cteuanoe of vi- 
ms after transfer of Th cell clone*. The 
data arc a compilation of several inde- 
pendent experiments in which normal or 
a thymic mice had been exposed to an aer- 
osol of 100 MlOm of PR8 per mouse and, 
1 day later, were injected i.v. with 1 to 2 
million ceils from individual Th cell 
clones. Lung vim* titer* were ikaerrolned 
at various timepoints after infection in the 
MDCK infccttvtty ossay (circle?) *n<) in 
embryuruaed eggs {triangles). The slip- 
pled nodzontalTlnt indicates the thrctfv 
old of deicctability in the MDCK awtay. 
Virus titer* are expressed as TODsc per 
23 id of lung extract. Selected hing ex- 
tracts that contained no detectable Wrvc 
in the MDCK assay were reiested undi- 
luted in embryonarcd eggs and are <H«- 
playod as open Mangles when found to 
be positive and closed triangles when 
found to be negative. 
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TABLE I 

Virvs dgQrn^ce In reconstituted nude mtec t« <ypcf vpmttfiy 0 



□ 



O O NU + T2.5-26 

• • NU -!• VI. 2 

□ □ NU (no T H ) 



23 



30 
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DAYS POST-INFECTION 

Ftyun* 2. Th cell transfer reduce* mortality of nude mice after expo- 
Sure to a lethal dose of influenza virus. Nude mice were exposed to an 
aerosol do$e of 1 000 to G000 M1D» of PR8 per mouse and were injected 
I.v. 1 ft h later with PBS (q or 1 -2 x 10* cells from an HA-spectfic (•) or 
M-speciftc (O; Th cell clone. Each group contained 6 to 1 2 mice at the 
initiation of the experiment. 



strong activator of nonspecific effectors such as NK cells 
and macrophages (29). we were interested in determining 
whether these nonspecific mechanisms played a role in 
virus clearance. The approach we used was to assess 
virus clearance in nude mice that had been coinfected 
with PR8 and B/Lee and were reconstituted with a PR8- 
specific Th cell clime. Titers of each individual virus were 
then determined in the MDCK assay after preincubation 
of the lung extracts with a cocktail of virus-neutralizing 
mAb specific for either PR8 or D/Lee. Inasmuch as B/Lee 
virus does not cross-react with the type A virus PR8 at 
neither B nor T cell level, clearance of B/Lee in these 
coinfected mice would implicate nonspecific* mecha- 
nisms. As shown in Table I, FR8 and B/Lcc grew to clearly 
detectable titers in the lungs of coinfected nude control 
mice and both viruses were cleared from the lungs of 
coinfected immunocompetent BALB/c mice (data not 
shown). After transferor the Th cell clones V1.2 or T2.5- 
26 into coinfected nude mice. PK8 became cleared to a 



mfeeuxig Virus Transferred m 



Virus Tiler in Lung (teg 1 0] 



Strain* 


Cells 


A /PR 8 


a/u* 


■A/PRS4B/UC 




4.9. 4.9. 4.9 


3.9. 2.9, 2.9 


A/PRfl 


T2.526 


<* 2.9 




B/Lcc 


T2.&-26 




3.9. 3.9 


A/JW 4 B/Lce 


T2.5.26 


<. < 


3-1, 3.65 


A/PR8 + B/Lee 




<< 


3.9. 5.4 



• Nude mice were exposed to an aerosol of A/PR8 or B/Lce or a mixture 
of A/FRB + B/Lee find. I day later, injected i.v. with cell* from the 
indicated Th cell alon«*. Lung extract*, prepared 9.0 day* pcwfinfArttrm. 
were pret reared with mAb cocktails UuU neutralised A/PAS or B/Lcc, 
r«6pecm*eiy. to determine the Utcr* of each virus strain separately in 
each extract. The MDCK !nfcctivlty assay was used and virus titers are 
expressed us TCIDso per total lung extract.. VirU* titer* from Individual 
experimental mice arc shown. 

• < indicates no detectable virus at 1 /l 0 dilution nf ejerract ; corresponds 
to ft titer per total extract of <;2.1 . 



nqndetecLable level, while no reduction In B/Lee titer was 
seen. 

Virus reduction in reconstituted nude mice occurs tn 
absence oj detectablerTc cell response. Although nude 
mice at a young age are essentially without T ceil func- 
tion, they have been shown to regain some T cell func- 
tions upon treatment with IL-2 (30-32), Inasmuch as the 
transferred Th cells produce IL-2 after Ag stimulation in 
vitro and could be expected to do so also upon activation 
in vivo, it was possible that endogenous Tc cells were 
generated in the Th cell-reconstituted nude mice and that 
they, in turn, were responsible for the observed virus 
clearance. To test this possibility we made use of the fact 
that the vast majority of Tc cells induced in mice by 
infection with PR8 is directed against determinants de- 
rived from internal and nonstructural viral proteins (33). 
Accordingly* nude mice w$re coinfected with PRB and 
X31 , the latter beinga reassortant virus that differs from 
PR8 solely by its HA and MA that art of the 113 ahd N2 
subtypes, respectively. Thus, promotion of a Tc ceJI re- 
sponse by the transferred Th cell clone would be expected 
to lead to simultaneous clearance of both viruses. How- 
ever, as shown in Table If. transttr of the HA (PR8j- 
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Infcctm* Vims 
Strains 



LUBtf Vlru« TiU*r* p«p. 10) 



Serum HtTUcrpVs 



Th Transferred 



rf<e 



X31 



X31 



PRR + X31 
X31 

PRO * X31 
PR8 + X31 



7.1-5 (a-i'KSj 
7. J -5 (a-PRfl) 
7.1-5 (a-PR6) 
T2.5»2t> (capss-reactivei 



4.6.4.1 



5.3. 3. J 

5:1,4.9.4.1.4.5 
3.6,4.3. 2.9,4.9 
<. 2.3 



1/60 

2/160 
1/460 



1/640 



• The common experiment* were performed as mdieniirt in the legend of Tab* I «^Pt/or the u« of the tvp* A 
^««rt/^ vtAi* X31 instead of B/Lce Vims titers were determined irt bng extract* prepared from mice at 20 or 30 days 

•<irdicale»r)0 detectable virust at 1/10 dilution of extract; corresponds to * liter p^r total cxiruct of <2.l. 
^toa wkhligntficant increase* (^iirlold] In Hi titers comport to n^rc^^u^ nu^rn.« ^^^ u 4 r n ^^; d 
- TKer6 00 not exceed inhibition observed with sera from rmWc mice. The Uphold of detect.™ was 1 /40 for PR8 and 
1 /l 20 for X3l. Sera were f**tcd without yrior mactlvation of preexisting nonspecific inhibitor*. 

TABLE 111 

Th cvll-nycanstttuled nude mice (tonot contain virus-specific Tc cell 
precursors irtspfetfrt after recovery from viru* injection" 



Rebponder 
Culture* 



BALB/c 

BALB/c 

BAL6/C 

BALB/C 

nu/rtu 

nu/nu Th 

nu/nu + Tn *» CAS* 



ruou 


r*H1fi.PRft 






30:1 


73 


12 


3 


10:1 


64 


6 


K 


3:3 


U 


2 


n 


1.0 


30 


0 


0 


30:1 


-2 


NT> 


I 


30:3 


0 


ND 


0 


30:1 


7 


ND 


4 



■ Sptenocytes obtained from experimental mice 30 days after infection 
with PR8 were rcstiniulaiert in vitro witn PR8 and tested after 6 days of 
culture at the indicated G:T ratios for the presence of viru*-*pccific 
cytotoxic activity bv >x Cr release awy. Sponiaheoua release was i fl» for 
pfilS FRd. 10^ to *ftlC-B/Lec and for uninfected P835 cells. The 
experimental mice were euthymlc BALB/c or nonreconsti luted (nv/nu) 
and Tli ceJlrcconsUtutco (nu/uu + Th) athyinlc BAUJ/c mice. 

*Th* culture was supplemented with supernatant from Con A -stimu- 
lated rat spleen cells (CAS) at a final concentration of 2% tn provide Th 
cclV-derrved factors during rcatiTrruUtioo in vitro. 

specific Th cell clone 7. J -5 resulted in clearance of PR8 
only. 

Both viruses were cleared, however, after transfer of 
the M-speclflc Th cell clone T2-5-26 that recognizes both 
PR8 and X31, as they have the M protein in common. 
Although this finding would in principle be consistent 
with an Involvement of Tc cells in thta specific transfer 
experiment, a more likely explanation is that the induc- 
tion of an antibody response to the viral glycoproteins is 
involved. The production of an antibody response to the 
viral glycoproteins in this transfer system requires that 
the protein recognized by the Th cell be located within 
the same virus structure for a successful T-B collabora- 
tion to occur (19). Accordingly, the PJ*8-specific Th cell 
clone 7.1-5 promoted an anti-HA response to PR8 alone 
while the cross-react* ve Th eell clone T2.5-26 promoted 
anti-HA responses to both viruses (Table II). 

Two additional types of experiments were performed 
in search of a virus-specific Tc cell response in this 
transfer system. First, experimental mice were tested 30 
days after infection for the presence of virus-specific 
memory Tc cells by restimulation of splenocytes tn viLro. 
As shown in Table III. a high level of virus-specific Tc 
cell activity was obtained with splenocytes from normal 
BALB/c mice, yet none could be detected in spleen cell 
cultures from nude mice* even when additional T cell- 
derived factors (Tabic HI) or irradiated splenocytes from 
PR8-immune mice (data not shown) were added to the 
stimulation cultures. Second, cell preparations isolated 
from the lungs of experimenbd mice at various time 
points after infection were tested directly for Tc ceil 
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Figure 3. No ^irua-apectfic Tc cell activity own he detected in the longs 
of infected and Th cell-reoOAttituted nude mice. Mice were infected by 
exposure to a PAS aerosol and cells isolated from the hings of nude mice 
not reconstituted 0). nude mice reconstituted with 1 to » x 10° tells of 
the M-speclflc (T) or HA-spccific (A) Th cell clones, and normal mice (O) 
were ctsaaved for PK# -specific cytotoxic activity by Cr-r*!easc assay. The 
data show the percentage specific lysis observed At a 30:1 E:T ratio ve 
pRS-infecwU PfllO cells. Lysift of uninfected cella wae lew trmn 4% in all 
cam- 

activity. Again, only cells recovered from infected eu- 
thymlc BALB/c mice displayed significant Tc cell activity, 
which reached maximum levels in the lung at 7-) 0 days 
after infection (Fig. 3). 

Virus can be cleared by passively transferred anti- 
HA antibodies. Taken together, the coinfection experi- 
ments had shown that adoptively transferred Th cells 
promoted clearance only of the virus(es) for which they 
displayed specificity. This was consistent with clearance 
resulting either from a direci interaction between Th cells 
and Infected lung cells, or the promotion of an antiviral 
antibody response that, as mentioned above, had been 
shown to be dependent on the presence of Tn and B cell 
determinants within the same virion. To distinguish be- 
tween these possibilities we transferred Th cells, anti- 
HA antibodies, or a combination of Th cells plus antibod- 
ies into PR8-infected B cell- and T cell-deficient SCID 
mice. As shown in Table IV. transfer of antibody but not 
of Th cells resulted In virus clearance. Titration of anti- 
HA antibodies into PR8-infectcd SCID and nude mice 
further showed (Table V) that the serum antibody titers 
at which clearance was achieved are In the same range 
as those observed In the Th cell-reconstituted nude mice 
(compare Tables II and Vj. 
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TABLE IV 




Qffvctecfantt HA antibodies and Th cells on pints clearance In. SCID 

mice 0 


Treatment 


Scrum hi Titer 


Virus Trier lt\ Lung 


Thtday l) 

Th(day l) + anubody 
Antibody (toy* 2 and 6; 


<l/50 
<i/50 

1/2S0O 


7.4. 7.3, 7.4 
6.1.6*4.6.0. 6.3 
<*, < < < 
<.<<< 



into four treatment groups. One day postinfection, two groups were 
injected l.v. with 2X10* cell* from Th crJI riorte T2.5-26. and 2 and 6 
days postinfection, two treatment group* were injected i.p. with 0,25 ml 
of undiluted PR6 HA-apeclTic atjtibody cocktail. All mice were killed ot 
day 20 postinfection and virus titers and HI titers were measured in Jung 
extract* and sera. respectively. Lung virus titers of individual tnice and 
mean HI titers Are ehown. 

• < indicates no detectable virus at 1/10 dilution of extract: corresponds 
to » titer per toxa\ extract of <2.i . 

TABLE V 

JJflTecf of arvH-tiA antibody dO$e on uirus clearance in $C!D and nude 

mfce 



Mlae 4 


Antibody On** 


Vim* in Lung (Day 30) 

Number* Virus Tuer* 
(infected/toL&tf (to&ioi 


Scnxm HI 
Titer" 


SOD 




3/3 


6.6 


<\f0X> 


SCP 


1/25 


4/4 


3.7 


1/200 


SOD 


1/5 


3/4 


<♦ 


1/900 


5CI0 


Undiluted 


0/4 


< 


1/3150 


nu/nu 




3/3 


5.2 


<i/40 


nu/riu 


1/25 


4/4 


5.3 


1/100 


nu/nu 


1/5 


3/4 


< 


1/500 


nu/nu 


Undiluted 


0/4 


< 


1/2500 



•SCID and nu/nu BALB/c mice were Infected by exposure to a. PR8 
attfoaol On day 2 and day 6 postinfection, groups of mice were injected 
t.p. with 0.25 ml Of viiW neutralizing antibody cnrkuil at the indicated 
dilutions, or in the control group with PBS. All mice were killed at day 
20. 

* Ail lung extracts thai were native m the MDCK assay were injeeted 
undiluted into the allantoic cavity of two cmbryOnAted egg« that were 
tested 3 days later for virus growth. A lung extract was considered free 
of Infection* viniA tf virus failed to grow in DOtd eggs. 

•Lung extracts were tested for vima titer in MDCK a*$ay. starting at a 
1/10 dilution. Geometric mean titers are shown. 

4 HI titers vs FRB were determined in W?m and are ehown as geometric 
mean titers of three to four mice per group. 

* < indicates no detectable vims at 1/lOd Hution of extract! corresponds 
toft titer per total extract of <2. 1 . 

To exclude the possibility that passively transferred 
anti-HA antibodies merely masked a residual infection 
but did not truly eliminate it we maintained PR8-inf ected 
and antlbody-tTeatcd SCID mice for 75 days. By this time. 
anti-HA antibody liters in serum had decayed virtually to 
background level, yet. the lung extracts remained negative 
for virus (data not shown). Three similarly infected SCID 
mice that had not received antibody treatment died 
within 3 wk after infection, 

DISCUSSION 

It is well established that virus-neutralizing anti-HA 
antibodies, if present in sufficient concentration at the 
site of virus-exposure before challenge, can protect 
against infection with influenza virus (10-12), and it Js 
generally accepted that antibodies to HA (34), NA (35). 
and M2 (36) help in limiting virus replication and spread 
once pulmonary Infection has been established. Less 
clear, however, is whether anti-HA antibodies (which are 
the only antibodies with virus-neutrallting activity) arc 
capable of clearing an ongoing virus infection in the 
absence of a virus-specific T cell response. Kris et al. 
(13), for example, reported that treatment of vJrus-in- 
fected nude mice with virus-neutrali2ing antiviral antt- 
3 era lead to only a temporary decrease but not to a 



permanent cure of the disease. A similar conclusion was 
reached by Wells et al. (4), who observed that adoptive 
transfer of a spleen cell preparation with low Tc cell-, 
but high antibody-cecreting activity did not clear the 
infection in nude mice, in contrast to spleen cells with 
high Tc cell- and low antibody-secreting activity. How- 
ever, by studying the course of influenza infection in 
anti-M'. anti-7-, or antl-a-treated mice, Iwasaki and No- 
zima (37) concluded that antiviral antibodies of IgA iso- 
type were actually required for recovery from disease (a 
conclusion that was not supported, however, by a similar 
study performed by Kris et al (14)). ^rthcrmore, Vireli- 
zier (9) showed that treatment of infected thymectomized 
and bone marrow-reconstituted mice with rabbtt anti-HA 
antiserum reduced virus titers in the lung by day 6 to 
undetectable level (In which case however, masking of 
residual infection was not excluded). Our study clarifies 
this Issue by demonstrating a permanent cure of infected 
SCID mice after treatment with anti-HA antibody. 

The reason for the contrasting results obtained in the 
study of Kris ct al. (13) and the present one Is not known. 
Although both studies used similar protocols* there are 
several differences that could play a role in determining 
the extent of virus clearance. These include 1 ) differences 
between the viruses used, particularly in terms of fine 
tissue tropism and virulence; 2) the difference in the 
timing of antibody transfer that was performed on day 5 
in Kris* study vs days 2 and 6 here: and 3) differences in 
the composition or titer of the transferred antibodies. In 
this context, it is noteworthy that the anti-HA antibody 
mixture used here contained a polymeric IgA antibody 
that has been shown to be transported efficiently from 
scrum into respiratory tract secretions (36), 

Inasmuch as transfer of Th cells into infected SCID 
mice did not cure the disease, we conclude that the Th 
cells, after transfer into infected nude mice, promoted 
f recovery indirectly by supporting an antiviral B cell re- 
sponse. We have shown previously that Th cells specific 
for each of the major viral proteins promote an antibody 
response to both HA and NA in this system (19). it is 
possible also that the transferred Th cells aided in recov- 
ery through the promotion of additional mechanisms. For 
example, the Th cells may have enhanced antlbody-de* 
pendent cell-mediated cytotoxic effector functions 
through flL-2- and Y-tFN-medlated activation of the cor- 
responding effector cells. Th cells may additionally have 
contributed to the ultimate antibody-dependent recovery 
by limiting (although not stopping) early stages of the 
infection by lysis of inf ected class IT lung cells or th rough 
nonspecific mechanisms such as secretion of y-IFN and 
TNF or activation of NK cells and macrophages (37, 39, 
40). With regard to Th-mediated cell lysis, it is notewor- 
thy, however, that only two of the Th included in this 
analysis (V2. 1 and VI .2) showed significant M Cr-reIease 
(34 and 36% at E/T ratio of 30/1) against virus-pulsed 
A20 cells, whereas the others were essentially negative 
(996 specific lysis at E/T ratio or 30/1 for 5.1-7 and 7. 1 - 
5 and $% for T2.5~26 and 7.1-6). However, as shown by 
the persistence of virus In the lung6 of SCID mice recon- 
stituted with Th alone, one must conclude that these 
latter mechanisms are not capable of curing the disease 
on their own. The possibility that the transferred Th 
were not activated in the infected SCID mice in the ab- 
sence of B cells appears unlikely. 

in a study similar to the one reported here, in which 
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* y Tfc cell clones were transferred into mice 1 to 2 h after 
intranasal infection with a sublethal dose of influenza 
virus X31. Taylor et al. (41) found that Th cells had 
variable effects on the course of infection, with some 
resulting in an accelerated virus clearance although oth- 
er* exacerbated morbidity. The differences in "disease- 
curing* activity between Th ceil clones observed in this 
study arc less dramatic than those reported by Taylor et 
al- (41). Thus, of 18 distinct Th cell clones of type 1 that 
we have tested by transfer into infected nude mice (pres- 
ent results and our unpublished data), only 4 failed to 
promote virus clearance (less than 1 OO-fold reduction in 
lung virus titer 10 to 1 5 days after infection compared to 

■ nonreconstituted nude mice) and none exacerbated the 
disease. It is possible that the increased morbidity seen 
m some instances by Taylor et al. (4 1 ) is the reflection of 

- an excessive Th cell- induced inflammatory response that 
we may not have seen because we transferred 2 to 10 
times fewer Th cells per recipient, and used nude instead 
of normal recipient mice. 

In conclusion, the present study shows that although 
Tc cells are likely to make a significant contribution to 
the recovery of fully immunocompetent mice from pul- 
monary influenza virus infection, they are not absolutely 
required for this purpose and. when defective, can be 
substituted by antibodies or Th cell-dependent mecha- 
nisms. 
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